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BedsideAbstract Introduction and objective: Pulmonary Embolism (PE) is a potentially life-threatening
complication of critical illness. Prophylactic inferior vena cava ﬁlter (IVC) placement offers a
protection rate of 99% against fatal PE. Transportation of critically ill patients from the intensive
care unit to the interventional radiology suit is a potential risk and cumbersome. Bedside IVC ﬁlter
placement offers protection against fatal PE without added risk of transportation. Transabdominal
ultrasound visualization of the IVC can be difﬁcult because of patient body habitus or recent
abdominal surgeries. Intravascular Ultrasound (IVUS) is an appealing imaging guidance that does
not have this limitation. We are aiming at evaluation the safety and outcome of bedside IVUS-
guided Gu¨nther Tulip ﬁlter placement in the intensive care units patients.
Results: The single venous access technique via the femoral vein was used. Filter placement was
successful in 95% of cases (35/37). In two earlier cases ﬁlters misplaced at the right iliocaval con-
ﬂuence were ﬂuoroscopically repositioned in the infrarenal IVC. Neither PE nor PE-related mortal-
ity was recorded. Renal impairment was seen in 35% of cases (n= 13/37). The body mass index
calculation in 27 patients revealed obesity in 67% of the patients.
Conclusions: Bedside IVUS-guided ﬁlter placement in medical-surgical critically ill patient in inten-
sive care unit is a feasible, safe and reliable technique for IVC interruption. IVUS may be the most
appropriate tool to guide ﬁlter insertion in obese patient.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction and objectives
Pulmonary embolism (PE) is a potentially life-threatening
complication of critical illness. In medical-surgical criticallyill patients with PE, signs and symptoms are nonspeciﬁc, the
clinical pretest probability may be low, and diagnostic tests
may not be done or may yield ambiguous results. Therefore,
PE is often undiagnosed and untreated; autopsy ﬁndingsiams).
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Fig. 1 (a) Gunther Tulip Filter (femoral ﬁlter set supplied by
Cook), ﬁlter delivery sheath, delivery rod with attached ﬁlter is
inserted into the sheath. When the Tuohy-Borst sheath assembly is
pulled back over the rod till it reaches the marker. This means that
the ﬁlter in unsheathed and ready to be released by the ﬁlter is then
released into the IVC by retracting the red button after turning it
in counterclockwise. (b) Opened expanded Gunther Tulip ﬁlter.
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dents (1). The reported incidence of deep venous thrombosis
(DVT) and PE in major trauma patients is 60% and 32%
respectively (2).
Inferior vena cava interruption has long been accepted
option for prevention of PE when anticoagulation is either
ineffective or contraindicated. Prophylactic vena cava ﬁlter
placement offers a protection rate of 99% against fatal PE
(3–5).
Although vena cavography is the standard imaging recom-
mended by the society of Cardiovascular and Interventional
Radiology Standards of Practice Committee, transportation
of critically ill patients to and from the intensive care unit
exposes the patients to excess risk. This risk can be decreased
by bedside IVC insertion, which has been shown to be safe,
practical and cost-effective (6,7).
The imaging guidance that has been used for bedside IVC
ﬁlter placement includes portable ﬂuoroscopy, transabdominal
duplex Doppler ultrasound and intravascular ultrasound.
Each of these techniques has advantages and limitations. The
use of ﬂuoroscopy at the bedside is tedious and cumbersome
because of the presence of venous, arterial lines and
ventilator tubes and the presence of orthopedic external ﬁxa-
tors or traction devices. Radiation safety is also a problem.
Transabdominal duplex Doppler-guided IVC ﬁlter insertion
reported to be safe, reliable and cost effective (8) but it is often
limited in the visualization of the renal veins and IVC, partic-
ularly in obese patients and in the presence of gas-distended
bowel loops. Intravascular ultrasound (IVUS) is an appealing
imaging guide for ﬁlter placement.
Different types of ﬁlters were used at the bedside, some are
permanent and others are retrievable, some are of conical
designs and others with box design such as Greenﬁeld
ﬁlter, Gunther Tulip, Celect, Simon Nitinol or TrapEase,
OptEase.
The objective of this work was to evaluate; the safety, out-
come, complications and limitations of the single access tech-
nique of bed-side intravascular ultrasound-guided IVC ﬁlter
placement in critically ill patients. Only Gunther Tulip ﬁlters
were used in our study.
2. Patient and methods
We retrospectively reviewed the data of bedside IVC ﬁlter
insertion guided by IVUS in 37 consecutive patients in either
surgical or medical intensive care units. All patients had clini-
cal indications for IVC interruption; including prophylaxis in
high risk patient in the absence of DVT or PE (n= 27). The
other indication was that patients were suffering from PE
and/or DVT with a contraindication to anticoagulation, or
ineffective anticoagulation (n= 10) Table 1. The institution
review board approved the study. Patient consent for the
research was waived as it is retrospective study.
Preprocedure written informed consent was obtained from
all patients or patient’s next of kin. The procedures were
done by an experienced interventional radiologist. Filter
insertion was performed using single femoral vein approach,
and Gunther Tulip ﬁlters (COOK MEDICAL INC.
Bloomington, IN, USA) were deployed.
The technique was performed as follows:– Both groins were prepped and draped in standard sterile
fashion. The right femoral and iliac veins were scanned by
the portable ultrasound looking for DVT using Site rite
5 MHZ scanner(Site Rite ultrasound, BARD Access
Systems, Salt Lake City, UT U.S.A.). Then the right com-
mon femoral vein was accessed in all patients except one
case where left femoral vein was accessed, using micropunc-
ture set (COOK MEDICAL INC. Bloomington, IN. USA)
Guided by ultrasound when it was free of DVT then 9-Fr
sheath (Terumo Interventional system Somerset NJ) was
inserted through which IVUS Visions PV8.2F Catheter
8.2-Fr catheter (Volcano San Diego CA) was introduced
and advanced over 0.35 J shaped regular guide wire and
IVC was interrogated from the right atrium down to the
iliocaval conﬂuence by pull-back technique identifying
the hepatic veins, right renal artery while crossing over
the IVC and both renal veins conﬂuences. In all patients,
IVC diameters were measured at the renal, infrarenal and
suprarenal levels to exclude patient with mega cava that
Fig. 2c IVUS images of the same patient after the ﬁlter
deployment showed tip of the ﬁlter (thin arrow) and right renal
vein (RRV) (Thick arrow).
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The vascular sheath was exchanged for the Gunther Tulip
ﬁlter sheath (COOK MEDICAL INC. Bloomington, IN.
USA) (Fig. 1) over 0.35 regular guide wire and IVUS cathe-
ter was reinserted and the lowest renal vein was identiﬁed
by the IVUS probe (Fig 2a) and the sheath then advanced
till the tip of the sheath covered the active element of the
IVUS probe which has been placed just below the renal vein
conﬂuence, the IVUS picture abruptly and dramatically
dimmed (Fig. 2b). From now until ﬁlter deployment, the
operator must be careful not to advance or retract the
sheath. From this point on, ﬁlter delivery did not require
imaging.
The IVUS catheter was removed and the ﬁlter was mounted
over its rod into the sheath till the ﬁrst marker was reached by
the rod which means that the ﬁlter hook at the tip of the
sheath. Then the ﬁlter then was delivered by unsheathing till
the second marker was reached and released by counter-clockFig. 2a 47 y/o female transferred from outside hospital with a
week of fever and suspected H1N1 Flue with respiratory failure,
was admitted to ICU and she has severe hypoxia despite of
mechanical ventilation decision was made for ECMO that was
discontinued after 8 days. PE: IVUS images showed right renal
caval conﬂuence (RRV and left renal conﬂuence LRV and Inferior
vena cava IVC.
Fig. 2b The IVUS catheter pulled few mm till the active element
is covered by the sheath, the picture is signiﬁcantly dim compared
to Fig. 2a.
Fig. 2d IVUS image caudal to that Fig. 2c showed the Gunther
Tulip ﬁlter (GTF) struts (arrow).wise rotation of the red screw to free the ﬁlter from the rod.
After the removal of ﬁlter rod, IVUS catheter was inserted
through the sheath to examine IVC, renal veins and conﬁrm
the position of the ﬁlter apex (Fig. 2c) and struts (Fig. 2d).
The procedure was concluded by the removal of IVUS catheter
and sheath and hemostasis was obtained by manual pressure
for few minutes.
For PE prophylaxis, the ﬁlter was placed as early as possi-
ble. Radiographic examinations including portable plain X-ray
for abdomen, or CT scan for other indications other than cava
ﬁlter follow up were evaluated. Data of renal functions and
body mass index were calculated by the formula body weight
in kg/(height in m)2 and patients were sorted out according
to their BMI into normal if the BMI < 25, overweight if
BMI 25–29.9, obese class I 30–34.9, obese class II 35–39.9,
obese class III > 40.
3. Results
Of the 37 patients, 13 patients were female and 24 were male
with age ranged from 18 to 80 years with an average age of
44 years old. The indications for bedside ﬁlter placement were
shown in Table 1. The Entire patients could not be transferred
for angiography suite because of tractions devices and external
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tor ECMO or patient was connected to bedside hemodialysis
system.
The contraindication for anticoagulation was either recent
gastrointestinal bleeding in 3 patients, recent brain surgery in
3 patients. Anticoagulation was ineffective in 4 patients, one
who was 18 week pregnant patient who had sickle cell disease
developed DVT and PE despite of anticoagulation with hep-
arin, respiratory failure that was managed by mechanical ven-
tilation. Three patients in medical ICU had PE although were
fully anticoagulated.
IVC ﬁlters were inserted 5 days after admission at average
for surgical ICU patients and 17 days for medical ICU
patients. The ranges were 0–20 and 1–72 days respectively,
the difference was statistically signiﬁcant P value = 0.0056,
The ﬁlters were placed correctly in 35 of 37 patients (95%).
In two cases at our initial experience, ﬁlters were placed at the
iliac vein and both of them were repositioned in IVC guided by
ﬂuoroscopy using the transjugular venous approach. The right
femoral vein was used for ﬁlter placement in 36 cases and the
left femoral vein was in one patient because of pelvic and right
hip fracture with traction making the right femoral vein access
not feasible.
IVUS showed right femoral and iliac vein thrombus with
ﬂoating tail in the iliac vein and iliocaval conﬂuence in one
patient. IVC Filter was placed in this patient below the levels
of the renal veins. The average diameter of infrarenal IVC
was 21.8 mm (18–24 mm). Postprocedure thrombosis at punc-
ture side was noticed in a single case. Retrospective revision of
Abdominal X-ray or CT scan that was ordered for other indi-
cation than IVC ﬁlter follow up showed ﬁlters in good position
related to renal veins when CT was done at the good alignment
with vertebral column with its position ranged between L2 and
L3. Postprocedure radiological imaging was available (57%)
of cases (n= 21).
Four patients died because of septicemia, shock and multi-
organ failure. There were no ﬁlter-related complications such
as migration penetration or Filter-related thrombosis. There
was no recorded incident of PE after IVC ﬁlter deployment.
Only one ﬁlter was retrieved 20 days after placement.
BMI calculated in 27 patients; Normal BMI in 5 out of 27
(18%) and overweight in 4 patient 15% and obesity in 18
patients 67%. Renal impairment was seen in 13 of 37 patients
(35%).4. Discussion
Seriously-ill patients of the intensive care units are at risk for
DVT and fatal PE. The incidence of fatal PE in polytrauma,
neurosurgical or medical critically ill patients in the intensive
care unit can be as high as 14.5% in an autopsy study. The
mortality rate of PE is reported 45% of misdiagnosed patients
and 7% of correctly diagnosed patients (9–11). Trauma
patients frequently develop an acute inﬂammatory response.
This inﬂammatory response consists of activation of multiple
proteins that distort normal blood rheology and the delicate
balance between the coagulation and ﬁbrinolytic mechanisms
(12).
The ﬁrst line of treatment for venous thromboembolic dis-
order has been anticoagulation; however, in the absence of
appropriate pharmacologic treatment due to failure of/orcontraindication to anticoagulation, caval ﬁlter placement
has been widely performed in the prevention of pulmonary
embolism (13).
Since the introduction of IVC ﬁlters more than 30 years
ago, there has been a steady improvement in the design, ease,
and safety of the delivery systems. Today, all of the commonly
used ﬁlters can be placed via the femoral or jugular vein by
using standard percutaneous Seldinger technique. However,
this typically requires ﬂuoroscopy, intravenous contrast
agents, radiation exposure, and transport of the patient to
the interventional or operating suite. Polytraumatized or
critically-ill intensive care unit patients, are often requiring
inotropic medications and ventilator support, transport to
the interventional radiology suite can be hazardous. Those
patients frequently have a combination of neurospinal and
long bone injuries, which require skeletal immobilization, thus
further complicating transportation.
Bedside IVC ﬁlter placement has shown to be safe and
effective, however different imaging techniques have been used
including portable ﬂuoroscopy, transabdominal duplex
Doppler ultrasound and intravascular ultrasound using single
or two venous accesses (14–16).
Conventional ﬂuoroscopic guided placement of IVC ﬁlter is
the gold standard technique after contrast cavogram allowing
conﬁrmation of the IVC patency and the absence of congenital
anomalies and measurement of the IVC diameter. In our study
the renal impairment was noticed in 35% of patients in our
study. Despite using low doses of IV contrast, IVC ﬁlter place-
ment using venography has signiﬁcant risk of CIN, Contrast
induced nephropathy is the third leading cause of hospital-ac-
quired acute renal failure (17).
Many authors have shown that the transabdominal duplex
Doppler guiding imaging was more accurate than conventional
ﬂuoroscopic guided placement of IVC ﬁlter (17,18).
Many IVUS-guided vena cava ﬁlters have been reported
using dual puncture of single femoral vein most commonly
the right using two sheaths with one cm apart (18–20).
The rationale behind the use of the dual puncture is to have
real time imaging during deployment of the ﬁlter. Theoretically
it allows more precise delivery of the ﬁlter at the correct land-
ing zone but it has two major disadvantages; ﬁrst is the possi-
bility of entrapment of the IVUS catheter by the struts of the
ﬁlter even that this complication never happened but it is still
an added risk and even with real time imaging. In a study using
dual access technique one out of 35 ﬁlters was misplaced at the
ipsilateral femoral vein that demanded the placement of
another ﬁlter IVUS guided ﬁlter through the contra-lateral
femoral vein (19). The other disadvantage is the higher risk
of DVT of the puncture site.
In our study we used single access guide by IVUS and only
two ﬁlters were misplaced at the right common iliac vein, this
happed at our initial experience and eventually repositioned
guided by ﬂuoroscopy at the IVC, this complication is similar
to that of other authors (21). In our study, IVUS-guided
Gunther tulip ﬁlter was deployed successfully in 95% of cases
(n= 35). This is similar to the result of Passman et al. (8) who
have 96.2% success rate in 51 patients and up to 100% in other
studies who used either single or dual puncture techniques
(22,21).
In our study insertion site thrombosis was encountered in
one patient, but no hematoma was encountered. Puncture site
thrombosis was seen with many investigators who used low
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and high proﬁle ﬁlter (19,22). Rosenthal et al. have shown that
dual puncture increases the risk of insertion site thrombosis
(23). Other authors have inserted IVUS-guided IVC ﬁlter using
single access with premeasurement of the length of the deploy-
ment sheath using steristerps (21,24). In our study we relied on
precise localization of the ﬁlter sheath position using IVUS
and strict immobilization of the sheath and recheck by IVUS
after ﬁlter deployment. We believe that our technique is sim-
pler and less time-consuming than using premeasurement tape.
The new delivery system of Gunther tulip ﬁlter that is called
NavAlign IVC ﬁlter, can be used in the same way even easier
when the IVUS active element just below the renal vein then
the NavAlign sheath is advanced till the picture suddenly dims
the IVUS probe removed and the ﬁlter-holding rod inserted
and locked and then safety button unarmed and blue button
is pressed to allow unsheathing and release of the ﬁlter. Then
the rod is withdrawn and IVUS probe is reintroduced through
the delivery system and the position of the ﬁlter can be
conﬁrmed.
Obesity can be a limiting factor preventing visualization of
the renal veins and IVC, precluding the use of transabdominal
duplex Doppler as an image guiding for ﬁlter placement (25).
In our study more than 82% of cases who had BMI avail-
able were overweight and obese (n= 22 out of 27). High BMI
is considered as independent risk factor for thromboembolic
disease in multiple trauma patients (26).
Obesity can be limiting factor not only for transabdominal
duplex Doppler guided ﬁlter placement but for ﬂuoroscopy
guided at the interventional radiology suites as well. This is
because angiography table has maximum weight limit, obesity
can hamper veriﬁcation of ﬁlter position after deployment (20).
So IVUS might be the best imaging modality that sufﬁces for
accurate IVC ﬁlter placement at the bedside in obese patients
(see Fig. 3).
Although many studies showed IVC ﬁlter insertion at the
bedside is safe and feasible guided by portable ﬂuoroscopy
or transabdominal Doppler ultrasound or by IVUS (7–9,11)
The body mass index of those patients were not identiﬁed as
obesity hamper both portal ﬂuoroscopic image and can be a
limiting factor for transabdominal Doppler that may be
impossible in morbidly obese patients who. In our study
82% of our patient were overweight and obese that
Transabdominal Doppler might be difﬁcult to visualize renal
veins and renocaval conﬂuence.Fig. 3 New delivery system of NavAlign IVC ﬁlter femoral
approach ‘‘Courtesy Cook Medical, Inc.’’Studies have shown the average time from injury to devel-
opment of DVT is 12–14 days, this allows some leeway in most
patients (27,28). In our study IVC ﬁlters were placed after
5 days at average for surgical patient and 17 days for medical
patients, the ranges were 0–20 and 1–72 days respectively. The
difference was statistically signiﬁcant P value = 0.0056.
In summary bedside IVUS guided IVC ﬁlter placement for
critically ill patient in the intensive care unit is a radiation free,
contrast free and it is not limited by patient’s obesity or recent
abdominal surgeries or orthopedic hardware which could be
limiting factor for transabdominal duplex Doppler guided
technique.
The limitations of the study are: small number of patients,
the use of single brand of ﬁlter and then use of transfemoral
approach but none of transjugular. Other brands can be used
by applying the same concept and randomized controlled trials
are required.
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